Abstract. [Purpose] This study aims to evaluate the synergistic effects of laser therapy and vacuum therapy in the rehabilitation of some disorders of the osteomuscular articular system (shoulder bursitis, low back pain, hip dysfunction after long-term impact of femoral endoprosthesis). [Participants and Methods] Three case reports were described. A vacuum laser system was used, which is a device that contains 1 handpiece with 3 red lasers (660 nm) and 3 infrared lasers (808 nm). This device contains 6 laser beams that are arranged around the vacuum chamber bore which generate negative pressure. Two weekly sessions were held, totalling 10 treatment sessions. Active goniometry was performed to assess range of motion (ROM) of the shoulder, lumbar spine and hip, and visual analogue scale (VAS) was used to evaluate pain in the pre and posttreatment period. [Results] There was a pain reduction and an increase in ROM in the different clinical cases.
INTRODUCTION
Disorders of the osteomuscular articular system, such as shoulder bursitis, low back pain and hip dysfunction, cause pain and loss of range of motion (ROM) because movements are consciously or unconsciously avoided for protection, which results in the gradual impairment of muscle function. In this context, physical and non-pharmacological agents are essential for pain reduction and increasing functionality 1, 2) .
Vacuum therapy has been used for a long time (approximately since 1500 BC), in which Egyptian images sculpted in temples show the technique, which combines the positive pressure of blood with the negative pressure of the vacuum, favoring various therapeutic effects, among them the anti-inflammatory and analgesic action, as well as lymphatic drainage. It also has similar effects to manual massages, however it is faster and more standardized. High values of negative pressures and prolonged application times can generate edema, erythema and ecchymosis in a circular pattern, but these adverse effects disappear in a few minutes or a few days 3, 4) .
Laser is an acronym for Light Amplification by Stimulated Emission of Radiation. Laser therapy advanced significantly in the mid-1960s and to date has been used in the health area, such as medicine, dentistry and physiotherapy producing satisfactory results in treatments that require, for example, anti-inflammatory and analgesic action, as well as acceleration of tissue healing processes [5] [6] [7] . Penetration of skin by light depends on the incident wavelength and optical properties of the biological tissues. The most used wavelengths in rehabilitation are: red (660 nm) and infrared (808 nm), as they allow greater tissue penetration compared to other wavelengths, e.g. blue, green, amber and violet. Moreover, infrared radiation reaches greater depths compared to red light 8, 9) .
Vacuum therapy and laser therapy are often used in rehabilitation processes, however the synergistic application of these therapies has not yet been demonstrated.
This study aims to investigate the synergistic effects of vacuum therapy and laser therapy on pain and ROM in different clinical cases.
PARTICIPANTS AND METHODS
This study was approved by the São Carlos Hospital Research Ethics Committee (approval no. 058/16). Patients from the Phototherapy & Photodynamic Therapy Center at the São Carlos Institute of Physics (IFSC) at the University of São Paulo (USP), who were treated with vacuum and laser therapy, were asked to participate in the case study. These patients were referred by physicians in private practices or public service for treatment in this center at IFSC-USP. A medical referral diagnosis was used for all cases. The participants signed a written informed consent before their participation in the study. Data collection and treatments were performed by physical therapists.
Initially, an anamnesis and a brief physical examination with anthropometric data (body weight and height) were performed to provide personal data. Anthropometric data were used to determine the body mass index [BMI, body weight (kg) divided by height (m) 2 ].
For treatment, the vacuum laser system ( Fig. 1 ) was developed by researchers from the optics group at IFSC-USP in partnership with MM Optics (MMO, São Carlos, SP, Brazil). The vacuum laser system is a combination therapy device consisting of 1 handpiece with 6 diode lasers [3 red lasers (660 nm) and 3 infrared lasers (808 nm)] arranged around the vacuum chamber bore which generate negative pressure. Each laser was calibrated to generate a 100 mW average power. Lasers are applied in continuous mode and non-contact mode. Furthermore, the wavelength of the laser to be used (red and/ or infrared) can be selected. The vacuum pressure ranges from 0 to −500 mbar (or mmHg) and can be used in continuous and pulsed mode. There are 9 different settings in the pulsed mode that vary depending on the pulse rate. Different suction cup sizes (160 mm, 100 mm, 60 mm and 40 mm) can be used depending on the body area and application site.
In order to carry out the treatments, grapeseed oil was applied on the skin, making it easier to slide the handpiece around. The treatments with vacuum laser system ( Fig. 2 ) were performed twice a week, making a total of 10 sessions.
The patients were instructed not to exercise or not to take analgesics prior the evaluations and during the treatment. Evaluations and treatments were carried out on different days and in a laboratory with controlled temperature (22-23°C) and relative humidity between 50% and 60%.
All evaluations were performed in the pre-and post-treatment period, at rest and non-painful stimuli. The evaluations were: (i) Active goniometry was performed to assess range of motion (ROM) of the shoulder, lumbar spine and hip and; (ii) Visual Analogue Scale (VAS) to assess pain.
The percent changes in ROM and pain score between the situations pre-and post-treatment were determined using the following formula: delta=[(final value − initial value/initial value) × 100].
CASE DESCRIPTION
Case 1 presentation-Shoulder Bursitis: a 49-year-old female patient (weight: 72 kg, height: 1.60 m and BMI: 28.1), has had subacromial bursitis on the right and left sides for two years, with severe pain radiating into the arm and loss of ROM. However, the patient did not present any associated pathologies, she did not take analgesics and did not practice physical activity. Clinical protocol: concerning the laser parameters, the red and infrared radiation with a 100 mW average power was used in the non-contact mode simultaneously with the suction. Vacuum therapy in the continuous mode was performed at 4 points on the deltoid muscle lasting 1 minute per point with a pressure of −200 mbar and then in the scanning mode, sliding the handpiece towards the muscle fibers with a pressure of −100 mbar lasting 2 minutes. The results of the shoulder bursitis treatment can be observed in Table 1 . There was reduced shoulder pain (100%) and increased shoulder ROM for flexion (right: 12.5% and left: 32%), extension (right: 104.5% and left: 12.5%) and abduction (right: 50% and left: 43%). Case 2 presentation-Low Back Pain: a 54-year-old male patient (weight: 85 kg, height: 1.73 m and BMI: 28.4) with severe low back pain because of his work which requires great upper limb effort and bimanual load lifting task. The patient reported that he has had severe back pain for 3 years that restricts his daily activities. However, the patient did not present associated pathologies, he did not take analgesics and did not practice physical activity. Clinical protocol: concerning the laser parameters, the red and infrared radiation with a 100 mW average power was used in the non-contact mode simultaneously with the suction. Vacuum therapy in the continuous mode was performed at 4 points on the lumbar region lasting 2 minutes per point at a pressure of −300 mbar and then in the scanning mode, sliding the handpiece towards the muscle fibers at a pressure of −100 mbar for 2 minutes. The results for low back pain treatment can be seen in Table 2 . There was reduced lumbar pain (100%) and increased lumbar ROM for flexion (48%), extension (22%), left side flexion (67%) and right side flexion (57%).
Case 3 presentation-Hip Dysfunction After Long-Term Impact of Femoral Endoprosthesis: a 42-year-old male patient (weight: 80.5 kg, height: 1.69 m and BMI: 28.2) has hip dysfunction and pain. When he was 16 years old, he fell off his bicycle and fractured his right femur. Aged 31 years old, he underwent surgery to replace the femoral endoprosthesis. Recently, the patient reported acute and constant pain in the surgical region. Moreover, he demonstrated compensatory movements and pathological gait, and also used a walking stick. However, the patient did not take analgesics and did not practice physical activity. Clinical protocol: concerning the laser parameters, a red and infrared radiation with a 100 mW average power was used in the non-contact mode simultaneously with the suction. Vacuum therapy was performed at 3 points on the hip joint in continuous mode with a pressure of −150 mbar for 3 minutes. The treatment was also performed at 3 points on the lateral thigh region in the pulsed mode (50 pulses per minute) with a pressure of −150 mbar for 3 minutes and then in the scanning mode by sliding the handpiece towards the muscle fibers for 5 minutes with a pressure of −100 mbar. The results of the hip treatment can be seen in Table 3 . Furthermore, after treatment, the patient stopped using the walking stick. There was reduced hip pain (100%) and increased hip ROM for flexion (3%), abduction (2.5%) and adduction (8%). In this case, the patient had good ROM, but pain was his main complaint. 
DISCUSSION
Pain reduction and increased ROM were observed in different clinical cases (shoulder bursitis, low back pain, hip dysfunction after long-term impact of femoral endoprosthesis). These benefits occurred due to the synergistic effects of vacuum therapy and laser therapy in 10 treatment sessions.
There are several therapeutic effects of vacuum therapy 3, 4) , including deep mobilization of the skin, adipose tissue, and vascular and lymphatic structures, as well as the flattening of the epidermis. The vacuum increases the pressure of the capillaries to filter the cellular fluids and residues, decreasing the inflammatory mediators and reducing the connective tissue adhesion. Afterwards, the pressure of the capillaries decreases and there is a movement of filtered fluids towards the treated body site. Thus, vacuum therapy promotes lymphatic drainage eliminating toxins and increasing blood flow, cellular oxygen supply and metabolic activity, as well as venous return. Therefore, vacuum therapy leads to anti-inflammatory and analgesic effects, muscle relaxation and increased ROM. It also accelerates tissue healing and eliminates lactic acid and other metabolites that help post-exercise muscle recovery. These factors may also lead to increased muscle function [10] [11] [12] [13] .
Regarding laser therapy, photophysical, photochemical and photobiological effects can be observed in the biological light-tissue interaction. In the photophysical or photoelectric effect, there is an increase in the transport of electrons in the respiratory chain of the mitochondria and stimulation of adenosine triphosphate (ATP) production for tissue healing. There are also alterations in membrane permeability, contributing to a greater synthesis of ATP 8) . Regarding the photochemical and photobiological effects, DNA/RNA gene expression modulation also occurs to increase protein synthesis, accelerating tissue regeneration, such as skin, muscle, bone and peripheral nerves, as well as increased blood flow, synthesis of collagen and anti-inflammatory action with analgesia 8, 14) . The anti-inflammatory and analgesic effects are also related to the modulation of cytokines, prostaglandins, histamine, bradykinin, leukotrienes, serotonin, betaendorphin, cortisol, among others [15] [16] [17] . Another mechanism of pain relief is modulation of nociception 1, 2) .
Techniques used separately may have slower therapeutic responses, and therefore the synergistic use of vacuum therapy with laser therapy may enhance the quality and speed of the biological response in the rehabilitation process. Several studies 1, 2, 7, 18) showed that mechanical stimulus such as therapeutic ultrasound 1, 2) and physical exercise 7, 18) were associated with laser therapy and showed significant synergistic effects on physical rehabilitation, including pain relief, accelerated tissue repair and increased physical function. Vacuum therapy is also a mechanical stimulus to potentiate laser therapy, leading to synergistic effects. However, in the current study, combined therapy was not compared with laser therapy or vacuum therapy alone. Future studies should explore the limitation of this research and investigate the effects of the laser and vacuum therapies, together and separately, on physical rehabilitation. This is the first study that shows a new system to promote synergistic applications of vacuum and laser for physical rehabilitation. There was reduced pain and increased ROM during the rehabilitation process. Therefore, this technique is an important non-pharmacological resource which can provide benefits to disorders of the osteomuscular articular system.
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